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The studies were performed on the mucosa of the body of the gallbladder in the
dog and Chinese raccoon dog, species belonging to the Canidae family. The
mucosal glands in both species mostly have the form of alveolar or short tubular
secretory units without excretory ducts and are situated in the middle part at the
bottom of the crypts surrounded by folds of the mucosa. Sporadically we ob-
served the mucous intraepithelial glands.
The results of the light and scanning electron microscopic observations indicate
interspecies differences in the density, type and size of secretory units and also
their openings. In the raccoon dog the number of secretory units is 30 times
greater than in the dog and the units are predominantly simple glands with
small openings. In the dog mostly 2 or 3 secretory units with common wide
openings were observed. The SEM images of the NaOH macerated mucosa of
the gallbladders showed a connective tissue framework around the glands com-
posed of flat lamina with an irregular pattern of fine collagen fibres and numer-
ous fenestrations. The collagen network around the openings of the glands is
more compact and provides mechanical support for the glands of the gallbladder.
Key words: mucosal glands, gallbladder, LM and SEM microscopy,
dog, Chinese raccoon dog
INTRODUCTION
Most microscopic studies on the mucosa of the
gallbladder in animals and in humans are focused on
the structure of the epithelium covering the mucosa
of the gallbladder and on the organisation of the
blood vessel network in the gallbladder wall as struc-
tures directly connected with bile condensation pro-
cesses [1, 4, 7, 9, 10–12, 15, 19, 20, 23–25, 29]. Sub-
epithelial glands are permanent structural elements
in the lamina propria of the gallbladder mucosa.
In the review of studies on the microstructure of
the gallbladder in animals Möllendorf [21] reported
that the distribution of subepithelial glands in the
gallbladder mucosa is highly varied and species-spe-
cific. Generally it is assumed that in animals and
humans the tubuloacinar mucous glands are found
most frequently in the vicinity of the neck of the
gallbladder [3, 8, 18, 21, 22, 28]. The greatest num-
ber of glands is reported in ruminants, where they
may occur in a cluster between the epithelium and
the muscle layer. According to Jurisch [13], in the
gallbladder in cattle glands may form a continuous
band, while in sheep and goats they are more dis-
persed. In carnivorous animals the glands in the
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mucosa are more scattered and, as reported by Cu-
tore [5, 6], these glands may also occur in the form
of endoepithelial glands. In rodents the glands have
been found in the neck of the gallbladder in the
guinea pig, and in lagomorphs such as rabbits they
have not been observed [16]. In the human gallblad-
der compound tubuloalveolar glands are observed
primarily in the area of the neck [3, 15].
Our preliminary light microscope (LM) observa-
tions on the arrangement of glands in the mucosa
of the gallbladder in some species of carnivorous
animals, such as the dog, raccoon dog, cat, mink
and fox, showed that they are present both in the
body and the neck of the gallbladder.
The aim of the microscopic examinations was to
determine the distribution and structure of glands
in the mucosa of the gallbladder in two species of
the Canidae family, namely the dog and the Chinese
raccoon dog.
MATERIAL AND METHODS
Gallbladders from five shepherd dogs and sev-
en raccoon dogs were dissected immediately after
the deaths of the animals and prepared for obser-
vation using LM and scanning electron microscope
(SEM) observations. For LM study the tissues were
fixed in Bouin solution and then dehydrated and
embedded in paraplast. The 4 mm sections were
stained by the Masson-Goldner method, periodic acid
Schiff (PAS) and Alcian Blue pH = 2.5 reaction [27].
The histological slides were examined and docu-
mented under an Axioscope Plus light microscope
(Zeiss, Germany).
For observations in SEM the fixed samples were
dehydrated in a series of ethanol (70–99.8%) and
acetone and subsequently dried at critical point us-
ing CO2 (Critical Point Dryer K850, EMITECH). In or-
der to remove cellular elements and visualise the
three-dimensional structure of the connective tissue
of the gallbladder mucosa, the tissues were macer-
ated according to the method of Ohtani [24]. Some
of the glutaraldehyde-fixed tissues were washed in
distilled water and then macerated in a 15% NaOH
solution at 20oC for 5 days. The tissues were washed
in distilled water and immersed in 2% tannic acid
for 5 hours and washed in water. Then the samples
were postfixed in 1% osmium tetroxide for one hour.
After being washed in several changes of distilled
water (for 1 hour) the tissues were dehydrated in
the ethanol and acetone series and critical-point
dried. All the dried specimens were mounted on alu-
minium stubs covered with carbon tabs, sputtered
with gold (Sputter Coater S 150B, EDWARDS) and
observed under the SEM LEO 435 VP (ZEISS) at the
accelerating voltage of 10–15 kV. The number of
secretory units per 1 mm2 surface of the gallbladder
was recorded on the 10 scanning electron images
from each animal at a magnification of ¥ 70.
RESULTS
The gallbladder mucosa in the dog and the rac-
coon dog is composed of folded connective tissue
lamina propria covered with a simple cylindrical ep-
ithelium (Figs. 1, 2, 5, 7). The folds of the mucosa
anastomose and form polygonal structures termed
“crypts” of the mucosa. The subepithelial glands in
the gallbladder mucosa are located at the bottom
of the crypts (Figs. 5, 7).
The number of secretory units in the body of the
gallbladder in the dog is one or two per 1 mm2,
whereas in the raccoon dog it is higher, amounting
to 26–40 per 1 mm2. In both species scarce intraep-
ithelial glands were observed (Fig. 2).
The mucous glands in the dog and the raccoon
dog are composed of secretory units in the form of
rounded alveoli or short tubuli located under the
epithelium of the mucosa (Figs. 1–4). In the dog
the diameter of the gland cross-section is approx.
30–50 mm, while in the raccoon dog it is 40–65 mm.
The cells of the secretory units in both species
are similar in height, approximating to 20–23 mm.
Round nuclei are located in the basal part of these
cells, while in the apical part of the cytoplasm in
both species secretory granules were observed, ex-
hibiting positive PAS and Alcian Blue reactions at
a pH of 2.5 (Figs. 1, 3, 4). Figures 5–7 present images
of the surface of mucosal crypts with the openings
of the subepithelial glands observed under a SEM.
In both species glandular openings are most fre-
quently found in the central part of the mucosa of
a crypt. Sporadically the openings releasing the se-
cretion were found on the folds of the mucosa (Fig. 5).
In the dog the glands are composed of 2 or 3 sep-
arate secretory units with a common wide opening
with a diameter of approximately 50–60 mm (Figs.
1, 3, 9). Smaller openings with a diameter of ap-
proximately 32–40 mm belonging to one secretory
unit are observed less often. In turn, in the Chinese
raccoon dog at the bottom of the mucosal crypt
there are frequently numerous openings of single
secretory units with a diameter of approximately
10–15 mm (Figs. 4–6). In some places in the mucosa
the diameter of wider openings of the glands reach-
es 25–30 mm.
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The SEM images of macerated samples of the gall-
bladder mucosa in the dog and Chinese raccoon dog
show a fine fibrillar skeleton around the concavities
of the glands and around their openings (Figs. 8, 11).
In both species the collagen fibrils surrounding the
secretory units of glands form a fine lamina with
a smooth surface with fenestrations (Fig. 9). The col-
lagen fibres are orientated randomly in all directions
(Fig. 11). The distribution and density of collagen fi-
bres change on the surface of the mucosa around
the openings of glands, where a ring is present around
the glandular openings composed of bands of com-
pactly arranged collagen fibrils (Figs. 9, 10).
DISCUSSION
The results of our microscopic observations on
the distribution of glands in the mucosa of the
body of the gallbladder in the dog and the rac-
coon dog confirmed the earlier opinion of Cutore
[5, 6] on the dispersed arrangement of the sub-
epithelial mucous glands in Carnivora. In both spe-
cies differences were observed in the density of
glands, the size of the secretory units and the
Figure 1. LM micrograph of the wall of the gallbladder in the dog.
The glands (G) in the mucosa have the form of alveolar and tubu-
lar secretory units; Ep — mucosal epithelium, M — bands of
muscle cells, Masson-Goldner staining.
Figure 2. LM micrograph of the mucosa in the dog. Between the
epithelial cells (Ep) light cells of the intraepithelial gland are
present (arrows). Masson-Goldner staining.
Figure 3. LM micrograph of the mucosa in the dog. Note the
positive PAS staining result in the cytoplasm of the cells in the
glands (G) and in mucosal epithelium (Ep). PAS reaction.
Figure 4. LM micrograph of the mucosa in the Chinese raccoon
dog. Note the positive Alcian Blue staining results in the cyto-
plasm of the glands (G) and mucosal epithelium (Ep). Alcian Blue
(pH 2.5) staining.
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structure and size of the glandular openings of
the glands.
In the raccoon dog the density of the glands in
the mucosa of the gallbladder body is on average
30 times higher than in the dog. The microscopic struc-
ture of the glands and the histochemical characteris-
tics of the cytoplasm of the glandular cells are similar
in the two species. The glands in the mucosa of the
gallbladder in both species, as in other animals, do
not have excretory ducts [21]. The microscopic struc-
ture of the secretory units is similar to that in other
animals, although there are no distinct compound
branched glands of the tubuloalveolar type [3, 18,
21, 28]. In the dog the secretion from several secreto-
ry units is released through a common wide opening
Figure 5. SEM micrograph of the surface of the gallbladder in the
Chinese raccoon dog. On the bottom of the crypts surrounded by
mucosal folds (F) numerous openings of single secretory units
are observed (arrows). Arrowhead marks the opening of the
gland on the mucosal fold.
Figure 6. A higher magnification of the surface of the epithelial
cells covered with numerous microvilli and the opening of the
mucosal gland filled by mucus (arrow) in the Chinese raccoon
dog. SEM.
Figure 8. SEM micrograph of the surface of mucosa in the dog
after NaOH maceration Arrows show the openings of glands;
F — fibrillar framework of mucosal folds.
Figure 7. SEM micrograph of the surface of the mucosa in the gallblad-
der in the dog. Arrows show openings of glands; F — folds of mucosa.
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and in the raccoon dog openings 2 or 3 times smaller
excrete mucus from a single secretory unit.
The SEM pictures showed the specific localisation
of the glands mainly in the middle of the gallbladder
crypts, away from the folds of the mucosa. This loca-
tion is probably associated with changes in the mor-
phology of the gallbladder mucosa linked with the size
of the gallbladder. Our previous observations of the
changes in the structure of the gallbladder wall in both
species demonstrated that in the filled gallbladder the
height of the connective tissue folds of the mucosa
decreases by approximately 40% to as much as 70%
at the gradual expansion of the crypts [the authors’
unpublished data]. The location of the mucosal gland
away from the folds of the mucosa does not expose
them to the action of forces stretching the gallbladder
wall and prevents translocation during rhythmical
Figure 11. A higher magnification of the collagen network in the
lamina of the secretory units. Between randomly distributed
fibrils the fenestrations are present (arrows). SEM.
Figure 9. SEM micrograph of the opening of the glands in the gallbladder dog after NaOH maceration. The
arrows show the entrance to the separate secretory units; R — fibrillar ring around opening of the gland.
Figure 10. A higher magnification of the part of the fibrillar ring
around the glandular opening. Note the dense arrangement of col-
lagen fibrils. SEM.
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changes in the capacity of the gallbladder. We are of
the opinion that the fibrillar ring around each opening
of the glands, revealed thanks to the maceration tech-
nique, may play a role in the stabilisation of the posi-
tion of the glands and the mucosal epithelium located
at the margin of the openings. As observations of mac-
erated samples of the mucosa revealed, the fibrillar
skeleton of the collagen framework around the secre-
tory units is very thin with fenestrae, which ensure the
close contact of the glandular cells with the rete of the
periglandular capillaries.
The results of the histochemical reactions in the dog
and the raccoon dog showed that the main compo-
nents of secretion are neutral and sulphate glycopro-
teins. As with results from studies with the application
of lectins, secretory granules in the mucosal glands have
a characteristic pattern of oligosaccharide composition
and differ in the particular segments of the bile tract
[8]. The glycoproteins secreted by the epithelial cells of
the mucosa of the gallbladder and by the subepithelial
glands on the surface of the gallbladder mucosa in
animals and in humans act as protecting agents against
the macerating action of bile. The mucous film on the
surface of the gallbladder also plays a lubricant role. In
the human gallbladder mucins, along with the desqua-
mated epithelial cells, promote nucleation of choles-
terol and may be elements in the formation of crystal-
lisation centres for gallstones [2, 14, 17, 26].
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